Visual decisions often involve comparisons of sequential stimuli that can appear at any location in the visual field. The lateral prefrontal cortex (LPFC) in nonhuman primates, shown to play an important role in such comparisons, receives information about contralateral stimuli directly from sensory neurons in the same hemisphere, and about ipsilateral stimuli indirectly from neurons in the opposite hemisphere. This asymmetry of sensory inputs into the LPFC poses the question of whether and how its neurons incorporate sensory information arriving from the two hemispheres during memory-guided comparisons of visual motion. We found that, although responses of individual LPFC neurons to contralateral stimuli were stronger and emerged 40 ms earlier, they carried remarkably similar signals about motion direction in the two hemifields, with comparable direction selectivity and similar direction preferences. This similarity was also apparent around the time of the comparison between the current and remembered stimulus because both ipsilateral and contralateral responses showed similar signals reflecting the remembered direction. However, despite availability in the LPFC of motion information from across the visual field, these "comparison effects" required for the comparison stimuli to appear at the same retinal location. This strict dependence on spatial overlap of the comparison stimuli suggests participation of neurons with localized receptive fields in the comparison process. These results suggest that while LPFC incorporates many key aspects of the information arriving from sensory neurons residing in opposite hemispheres, it continues relying on the interactions with these neurons at the time of generating signals leading to successful perceptual decisions.
Introduction
Comparing two visual stimuli that occur at different times demands the coordination of bottom-up and top-down processes. Such tasks require processing and storage of sensory stimuli, followed by their retrieval and comparison leading to perceptual decision. It is widely accepted that the prefrontal cortex (PFC) integrates the various components of such tasks in its neural activity (Freedman et al., 2001; Fuster, 2008; Tanji and Hoshi, 2008; D'Esposito and Postle, 2015) . It is recipro-cally connected with neurons processing sensory information and is thought to be an important source of top-down influences it exerts on these neurons. When such tasks involve comparisons of motion directions presented at the fovea, neurons in the lateral PFC (LPFC) show direction-selective (DS) responses that resemble responses in the motion processing area MT, indicative of their bottom-up origin (Zaksas and Pasternak, 2006; Hussar and Pasternak, 2009, 2012) . Indeed, MT is a likely source of directional signals as it provides direct inputs to the LPFC in the same hemisphere (Jacobson and Trojanowski, 1977; Barbas, 1988; Schall et al., 1995; Petrides and Pandya, 2006; Ninomiya et al., 2012) . However, because of strict retinotopy and localized receptive fields representing nearly exclusively the contralateral visual field, direct inputs from MT are likely to only supply the information about contralateral stimuli. Given that prefrontal neurons also respond to visual stimuli presented in the ipsilateral hemifield (e.g., Boch and Goldberg, 1989; Funahashi et al., 1989; Sakagami and Niki, 1994; Rainer et al., 1998; Rainer et al., 1999; Everling et al., 2002; Kadohisa et al., 2013; Lennert and MartinezTrujillo, 2013; Kadohisa et al., 2015) , visual information must also reach LPFC indirectly, most likely by way of strong callosal connections from the opposite LPFC (see Fig. 1A ) (Schwartz and Goldman-Rakic, 1984 ; but see Adachi et al., 2012) . The retinotopic nature of sensory inputs to the LPFC poses a challenge to the mechanisms underlying the top-down influences this region provides to upstream sensory neurons. While there is compelling evidence that these top-down influences are aimed primarily at visual cortical areas within the same hemisphere (Barceló et al., 2000; Gregoriou et al., 2014; Pasternak et al., 2015) , little is known whether LPFC also interacts with sensory neurons residing in the opposite hemisphere. An important first step in addressing this problem is to determine whether and how LPFC neurons incorporate and use sensory information arriving from the opposite hemisphere into signals it provides to other components of the circuitry underlying sensory comparison tasks.
We compared responses recorded in the LPFC during comparisons of directions of two sequential stimuli presented in the contralateral or the ipsilateral hemifields. During the first stimulus, responses to the contralateral motion were stronger and occurred ϳ40 ms earlier, reflecting the dominance of signals that reach LPFC directly from motion processing neurons residing in the same hemisphere. However, during the second stimulus, near the time of the comparison and decision, ipsilateral responses were enhanced and the contralateral dominance largely vanished, highlighting the importance of task demands in the representation of motion signals in the LPFC (Hussar and Pasternak, 2009) . The similarity in responses to ipsilateral and contralateral stimuli was also reflected in their selectivity for motion direction and was apparent in the response to the second stimulus that carried signals reflecting the difference between the current and the preceding stimulus. However, these comparison signals nearly disappeared when the two stimuli were spatially separated, suggesting that their generation requires the participation of neurons with localized receptive fields. Thus, during comparisons of motion directions, the LPFC neurons seamlessly incorporate the information about visual motion arriving from sensory neurons in both hemispheres. However, our results suggest the process of comparison reflected in the activity of these neurons depends on signals supplied by the upstream sensory neurons.
Materials and Methods

Subjects
We recorded from the LPFC of three adult male rhesus macaque monkeys. All experiments were performed in accordance with the guidelines published in the National Institutes of Health Guide for the care and use of laboratory animals and approved for use by the University of Rochester Committee for Animal Research.
Behavioral task
The structure of the behavioral task is outlined in Figure 1A . During the task, the animals viewed two sequential stimuli, S1 and S2, separated by a brief delay. For two of the monkeys, the delay was set to 1500 ms (M908 and M201), whereas for the third animal, the delay was shorter, ranging between 500 ms and 1000 ms (M611). Stimuli appeared at one of the four quadrants of the ipsilateral or the contralateral visual field, with an equal distance from the fixation spot, at 7°eccentricity. In the standard version of the task, S1 and S2 appeared at the same position. In a subset of recording, sessions S1 and S2 were spatially separated, with S2 appearing in the contralateral hemifield and S1 either placed in the opposite, ipsilateral, hemifield (remote-ipsi; see Fig. 8A ) or in the same, contralateral, hemifield but with a vertical displacement relative to S2 (remote-contra; see Fig. 8B ). In all conditions, S1 and S2 always had the same distance from the fixation point. Both S1 and S2 moved in one of eight directions (0°, 45°, 90°, 135°, 180°, 225°, 270°, and 315°) and on each trial the directions of S1 and S2 were either identical (Same trial) or different (Different trials). The direction difference was usually 90°for M908 and M201 and 180°for M611. Each trial began with the presentation of a small target the animals were required to fixate (Ϯ1.5°) throughout its duration. The period of fixation preceding the onset of S1 was set to 1000 ms, and each stimulus lasted 500 ms. After the offset of S2 and additional 1000 ms, the fixation target was replaced with two small circular targets on either side of the display, and the animals were rewarded for making a saccade to the right target to report same direction trial and for making a saccade to the left target to report different direction trial. All directions were presented with equal probability during both S1 and S2. During each recording session, the tasks with stimuli in the contralateral and ipsilateral quadrants were run in blocks of typically 128 trials (16 trials for each stimulus direction).
Visual stimuli and fixation control
The random-dot stimuli were displayed on a 19 inch monitor (Ilyama Vision Master Pro 513, 75 Hz refresh rate) at a distance of 57 cm from the animals. The dot density was set to 4.7 dots/deg 2 , with each dot subtending 0.03°of visual angle, at the luminance of 15 cd/m 2 . Each dot persisted for the entire stimulus duration. The stimuli were 5°in diameter, moving coherently at 10°/s to 15°/s. They were presented at 7°eccentric-ity in the upper or lower quadrants of the ipsilateral or contralateral hemifields. Within each session, the order of testing in the contralateral and ipsilateral hemifield was irregular. Eye position was monitored with an infrared video eye-tracking package (ISCAN), and monkeys were required to maintain fixation within 1.5°of a centrally presented fixation target in all trials.
Physiological recordings
Recording locations were identified from structural MRI scans obtained with a 3T scanner. Recording chambers were placed over the right LPFC in Monkeys M201 and M908, and on both sides in Monkey M611. The recordings were performed with single tungsten glass-coated microelectrodes (0.5-3 M⍀ at f ϭ 1 kHz; Alpha Omega Engineering) in Monkeys M611 and M908. For Monkey M201, we also used linear electrodes with 16 recording sites separated by 100 or 150 m (U-probes and V-probes; Plexon). Electrodes were positioned over the chamber-enclosed craniotomy using a CILUX grid with 1 mm spaced openings (Crist Instruments). Custom-made steel guide tubes were inserted into the hole chosen for each day's recording to provide structural stability. Guide tubes were lowered to the dura but did not penetrate it. Electrodes were driven through the dura using a NAN electrode drive (NAN Instruments). To maximize recording stability, data collection began 30 -60 min after the placement of electrodes. Recordings were obtained with Plexon Multichannel Acquisition Processor systems working concomitantly with the Windows-based real-time data acquisition system TEMPO (Reflective Computing). Activity of each neuron used in the analysis was recorded with S1 and S2 appearing in contralateral and ipsilateral visual field in separate blocks of trial.
Data analysis
All spike sorting was done manually after the experiment using Offline Sorter (version 3.3.2; Plexon), based on principal component analysis of the spike waveforms. Activity recorded with linear electrodes from M201 included both single-unit and multiunit activity. All further data analyses were carried out in MATLAB (The MathWorks).
Responses to visual motion. The activity of each neuron during S1 and S2 was analyzed to determine whether it responded to stimuli appearing during S1 and S2. Spike counts were computed for five nonoverlapping 100 ms windows during the S1 period (500 ms), separately for trials with each of the eight stimulus directions. A neuron was classified as responsive if at least 100 ms of activity were significantly different from baseline for at least one direction ( p Ͻ 0.00125, Wilcoxon tests; Bonferroni corrected). Baseline was defined as the firing rate during 300 ms before the onset of S1. Responsive neurons were classified as excitatory or suppressive depending on whether the mean activity during the stimulus presentation (50 -550 ms from stimulus onset) was greater or less than baseline, respectively. Responses were then computed in sliding 100 ms spike count windows with 10 ms steps, and the baseline activity was subtracted before further analysis. The firing rates of the excitatory neurons (see Fig.  3A ) were obtained from responses to the stimulus direction that elicited the highest average response, whereas the firing rates of the suppressive neurons (see Fig. 3B ) were obtained from responses to the stimulus direction that elicited the lowest average response. For both suppressive and excitatory neurons, these "best" direction responses were maximally different from baseline activity. The best stimulus directions were chosen independently for contralateral and ipsilateral stimuli and for S1 and S2.
Response latency. For computing response latencies, responses for each neuron were computed for sliding 100 ms windows in 5 ms steps, and the baseline activity in a 300 ms window before the stimulus onset was subtracted. The response latency was defined as the time during the stimulus at which the response exceeded 75% of the maximum response (for excitatory neurons) or 75% of the minimum response (for suppressive neurons). This yields latencies that do not depend on response strength, unlike other measures, such as the time point where the response becomes significantly different from baseline activity. This is important because we compared the latencies for contralateral and ipsilateral responses that also differed in their firing rates.
Response change index (RCI) . To compare the responses during S1 and S2, we computed for each neuron a RCI ϭ ͑r peak S2 Ϫ r peak S1 ͒/ ͑r peak S2 ϩ r peak S1 ͒, where r peak S1 and r peak S2 for excitatory neurons are the peak responses during S1 and S2, respectively (obtained from the 100 ms window with the maximum response during the interval from 50 to 550 ms from onset of the corresponding stimulus). For suppressive neurons, the peak responses were defined as the minimum firing rates. The RCI was computed separately for contralateral and ipsilateral stimuli.
Location effect index (LEI) . To compare the responses to contralateral and ipsilateral motion stimuli, we computed for each neuron a LEI ϭ ͑r peak contra Ϫ r peak ipsi ͒/͑r peak contra ϩ r peak ipsi ͒, where r peak contra and r peak ispi are the peak responses for contralateral and ipsilateral stimuli, respectively. The LEI was computed separately for S1 and S2 stimuli.
Direction selectivity. On each trial, the animals discriminated between pairs of possible eight directions, allowing a relatively precise estimate of direction selectivity of each neuron. The preferred direction pref of each neuron was determined by computing the circular mean of the eight stimulus directions j (0°-315°, in steps of 45°) weighted by the neuron's mean spike count r j over the stimulus period for each direction:
pref ϭ arctan͑Α j ϭ 1 8 r j sin͑ j ͒/Α j ϭ 1 8 r j cos͑ j ͒͒. The antipreferred direction was determined as the one moving to the opposite direction. DS activity was then assessed by comparing the S1 responses on trials with motion in the preferred and anti-preferred directions. For each neuron, we compiled a receiver operating characteristic (ROC) and computed the area under the ROC (AROC) as a measure of selectivity (Britten et al., 1992) . The AROC corresponds to the probability that an ideal observer correctly predicts the stimulus direction given a sample from the set of responses to the preferred and antipreferred directions. AROC values range between 0 and 1, where AROC ϭ 0.5 indicated activity that did not systematically differ between trials, whereas AROC Ͼ 0.5 indicated higher activity for one direction and AROC Ͻ 0.5 indicated higher activity for the other direction. Significance of AROCs was evaluated using permutation tests, based on 1000 shuffles of trials associated with each of the two directions. AROC values for each neuron were computed for spike counts in sliding 100 ms windows in 10 ms steps during the period of 50 to 600 ms after S1 onset, and neurons were considered as significantly DS if they had at least three consecutive time bins of significant activity (AROC 0.5 with p Ͻ 0.05, permutation test). The beginning of the DS epoch was marked as the center of the first significant bin. Maximum direction selectivity for each neuron was computed as the highest value obtained by averaging the AROC values over 10 consecutive time bins.
Tuning for motion direction. To estimate the direction tuning curves, we averaged the responses during S1 (from 50 to 600 ms) to each of the 8 directions used during the task and subtracted the minimum average response for the tested stimulus directions. For each neuron, we then fitted these average responses with a Gaussian function with three parameters: maximum height, preferred direction, and width. Only neurons that were well fit by the Gaussian function (R 2 Ͼ 0.5) were used for further analysis. The FWHH of the fitted tuning curve was taken as the tuning width of each neuron for ipsilateral and contralateral stimuli. To compute the population tuning curves (see Fig. 6C ), we aligned individual tuning curves by their preferred direction, normalized the responses for each neuron between 0 and 1, and then averaged across neurons.
Comparison effects (CEs). The direction discrimination task (see Fig.  1A ) consisted of two types of randomly interleaved trials: in half of the trials, S1 and S2 moved in the same direction (S-trials), and in the other half they moved in different directions (D-trials). To examine whether the responses during and after S2 were affected by the preceding S1, we compared the activity in trials with the same stimulus presented during S2 on S-and D-trials. We called the differences in activity during the two types of trials a CE because they likely reflected the sensory comparison process required by the tasks. To rule out the effects of stimulus selectivity during S2 on CEs, we z-scored the spike counts recorded for each stimulus direction. Differences between S-trials and D-trials were evaluated with ROC analysis, using sliding 200 ms windows in 10 ms steps. Only neurons that were responsive during S2 were used in this analysis (N ϭ 152 neurons). Neurons with AROC values Ͼ 0.5 showed higher activity in S-trials than in D-trials, whereas sites with AROC Ͻ 0.5 showed higher activity in D-trials. Neurons were categorized as same Ͼ different (S Ͼ D), if they had at least five consecutive time bins of significant S Ͼ D activity (AROC Ͼ 0.5 with p Ͻ 0.05, permutation test) in the interval from 0.05 to 1.45 s after the onset of S2. Similarly, neurons were categorized as different Ͼ same (D Ͼ S), if they had at least five consecutive time bins of significant D Ͼ S activity (AROC Ͻ 0.5 with p Ͻ 0.05, permutation test) in the interval from 0.05 s to 1.45 s after the onset of S2. The onset of the comparison selective epoch was marked as the center of the first significant time bin. If a site showed both S Ͼ D and D Ͼ S activity, the effect with the longest duration determined the categorization. Sites that did not meet these criteria were categorized as nonselective. For an easier comparison of the magnitude and the time course of S Ͼ D and D Ͼ S effects, neurons with peak AROC modulation Ͻ0.5 were reflected ϳ0.5 (i.e., were replaced by 1 Ϫ AROC). For each neuron, the magnitude of the CE was computed as the average over AROC values in the 300 ms window with the highest effect.
Results
We compared the representation of direct and indirect visual motion signals by evaluating the activity of 197 neurons recorded from three monkeys, while they compared the directions of two moving stimuli, S1 and S2, separated by a brief delay (Fig. 1A) . During each recording session, the monkeys performed the task with S1 and S2 appearing either in contralateral or ipsilateral locations in separate blocks of trials. Thus, the stimulus location was predictable within each block and all neurons were tested with stimuli appearing in each of the two hemifields. Recordings were performed in the posterior lateral portion of the prefrontal cortex, anterior to the arcuate sulcus, focusing largely on regions posterior to the principal sulcus (areas 8Av, 8Ad, 9v, and 46v) (Petrides and Pandya, 2006) (Fig. 1B) . During each recording session, the performance of the three animals ranged between 80% and 95% correct and was similar for the task performed in the ipsilateral and contralateral hemifields.
The activity of two example neurons, one with an excitatory response ( Fig. 2A ) and one with a suppressive response (Fig. 2B ), recorded during the task with stimuli placed in the contralateral and ipsilateral hemifields, illustrates both the similarities and the differences in the activity recorded with stimuli in each of the two hemifields. It also demonstrates the differences between the excitatory and suppressive cells. Responses of the excitatory cells to the ipsilateral S1 were delayed and weaker compared with responses to the contralateral S1. However, during S2, the dominance of the contralateral stimulus was reduced in one example neuron and absent in the other. Thus, the difference in responses to stimuli in the two hemifields was minimized during the more demanding comparison phase of the task. The behavior of these two neurons during S1 and S2 exemplifies the overall pattern of activity throughout the course of the trial during our recordings.
Responses to contralateral motion are faster and stronger
Because the information about contralateral stimuli is likely to arrive in the LPFC directly and about ipsilateral stimuli indirectly, we examined whether individual neurons are activated by both types of stimuli and whether the strength and the time course of their responses depend on their hemispheric origins. The analysis revealed slightly higher incidence of responses to stimuli appearing in the contralateral hemifield during S1 (contra, 167 of 197, 85%; ipsi 148 of 197, 75%; p ϭ 0.017, 2 test). During the comparison stimulus S2, the proportion of neurons responding to stimuli from each of the two hemifields was nearly identical (contra, 175 of 197, 89%; ipsi, 173 of 197, 88%; p ϭ 0.75; 2 test). The slightly lower incidence of responses during the ipsilateral S1 (88% vs 75%, p ϭ 0.0012; 2 ) may be a reflection of additional task demands during the comparison phase S2 (Hussar and Pasternak, 2010). On each trial, the monkeys viewed two directions of motion separated by a delay, S1 and S2, and were rewarded for reporting whether they were the same or different by making a saccade to one of two targets (right target: same; left target: different). During S1, stimuli moved in 1 of 8 equally spaced directions and were followed by S2 stimuli moving in the same or in different directions. The animals were allowed to respond 1000 ms after the termination of the second stimulus (S2). B, Diagram of MT-LPFC connectivity and visual field representation in both regions. Each visual field is labeled as contralateral (blue) and ipsilateral (red) with respect to the recording electrode shown over the LPFC of the right hemisphere. The drawing shows MT providing direct input to the LPFC in the same hemisphere. Each MT is drawn as red and blue circles to indicate their representation of the opposite visual field. Solid arrows indicate bottom-up inputs from MT. Dashed arrows indicate top-down inputs from the LPFC. C, Locations of electrode penetrations for all LPFC recordings of the three monkeys (indicated by different symbols). Recording chambers were placed over the right LPFC in Monkeys 201 and 908. Monkey M611 had recording chambers on both sides, and the recording locations were transferred to the same side.
Among neurons with reliable responses for contralateral and ipsilateral stimuli during S1 and S2, 79% (81 of 102) were excitatory and 21% (21 of 102) were suppressive. During S1, while the excitatory responses were ϳ20% stronger for the contralateral stimuli ( Fig. 3A ; N ϭ 81; contra, 14.9 Ϯ 1.3 sp/s; ipsi, 12.4 Ϯ 1.3 sp/s; p ϭ 0.0031, Wilcoxon test), suppressive responses showed no reliable difference in their firing rates for stimuli in the two hemifields ( Fig. 3B ; N ϭ 21; contra, Ϫ9.4 Ϯ 1.8 sp/s; ipsi, Ϫ9.1 Ϯ 1.8 sp/s; p ϭ 0.31, Wilcoxon test). Values of maximal firing rates listed above are not reflected in the average plotted in Figure 3A , B, because individual neurons reach maximal rates at different time points. During S2, the overall difference for the excitatory responses between the contralateral and ipsilateral stimuli was reduced and no longer significant (N ϭ 81, contra, 14.8 Ϯ 1.4 sp/s, ipsi, 13.9 Ϯ 1.6 sp/s, p ϭ 0.22). Similarly, the suppressive cells showed no difference between ipsilateral and contralateral responses (N ϭ 21; contra Ϫ9.1 Ϯ 1.6 sp/s; ipsi, Ϫ8.7 Ϯ 1.5 sp/s; p ϭ 0.24).
The difference between responses to the contralateral and ipsilateral stimuli was also apparent in their latencies (Fig. 3C) . During S1, the excitatory contralateral response emerged 40 ms earlier than the ipsilateral response (N ϭ 78; contra, 153 Ϯ 9 ms; ipsi, 194 Ϯ 12 ms; p ϭ 0.0004, Wilcoxon test). During S2, the pattern was similar, although less pronounced, with contralateral excitatory responses emerging only 17 ms earlier (N ϭ 77; contra, 138 Ϯ 11 ms; ipsi, 155 Ϯ 12 ms; p ϭ 0.031). The latency differences for suppressive responses to stimuli in the two hemifields showed the same trend, although they were not statistically significant, most likely due to the lower number of neurons (N ϭ 21; S1: contra, 181 Ϯ 21 ms; ipsi, 218 Ϯ 23 ms; p ϭ 0.11; S2: contra, 158 Ϯ 16 ms; ipsi, 203 Ϯ 27 ms; p ϭ 0.11). Longer latencies for ipsilateral responses during S1 were consistently observed in all three monkeys (M611: 32 Ϯ 13 ms, N ϭ 20, p ϭ 0.049; M908: 43 Ϯ 15 ms, N ϭ 33, p ϭ 0.007; M201: 40 Ϯ 19 ms, N ϭ 46, p ϭ 0.026; Wilcoxon tests). Overall, neurons with suppressive responses had longer latencies than neurons with excitatory responses (S1: p ϭ 0.041, S2: p ϭ 0.028; Wilcoxon tests). These results highlight not only the difference between LPFC responses to the contralateral and ipsilateral stimuli but also the difference between the excitatory and suppressive neurons. The longer latencies of suppressive neurons may be a reflection of more local processing than direct bottom-up influences. It is conceivable Latencies of suppressive neurons showed the same trend, although differences between contralateral and ipsilateral responses were not statistically significant (S1: 37 ms shorter, p ϭ 0.11; S2: 45 ms shorter p ϭ 0.11, Wilcoxon tests).
that suppressive neurons constitute a functionally distinct group of cells, reflecting subsequent processing of the motion signals within the prefrontal circuitry.
In our task, the two periods of stimulus presentation differed in task requirements. During S1, stimulus direction must be identified and committed to memory. However, when the same stimulus appears during S2, the subjects not only must identify the current stimulus but also retrieve the preceding S1 and compare it with the current S2. We have previously shown that, with foveal viewing, this difference in task demands during S1 and S2 was reflected in stronger responses during S2, the more demanding phase of the task, suggesting that the system may be allocating additional resources to the comparison process (Hussar and Pasternak, 2010). We examined whether the enhancement of responses during S2 observed with the foveal stimuli is also present with contralateral and ipsilateral stimuli by computing an RCI comparing firing rates of responses to the same stimuli during S1 and S2: RCI ϭ (S2 Ϫ S1)/(S2 ϩ S1). With this index, the value of 0 indicates identical responses during S1 and S2, the positive values (Ͼ0) indicate stronger responses during S2, whereas the negative values (Ͻ0) indicate weaker responses during S2. The data, shown in Figure 4A , reveal a higher average RCI for ipsilateral than for contralateral responses, indicating enhanced firing rates during S2 (contra: RCI ϭ Ϫ0.030 Ϯ 0.02; ipsi: RCI ϭ ϩ0.035 Ϯ 0.02; p ϭ 0.036, N ϭ 102, Wilcoxon test). This response enhancement during S2 was observed only for the excitatory neurons (ipsi: RCI ϭ 0.048 Ϯ 0.02; p ϭ 0.05, N ϭ 81, Wilcoxon test).
To track the behavior of individual neurons in response to contralateral and ipsilateral stimuli during S1 and S2, LEI ϭ (contra Ϫ ipsi)/(contra ϩ ipsi) was computed for each cell. In this measure, the index of 1 indicates maximal contralateral dominance, the index of Ϫ1 indicates maximal ipsilateral dominance, and the index of 0 indicates identical responses for contralateral and ipsilateral stimuli. This analysis revealed that the excitatory neurons showed strong contralateral dominance during S1 ( p ϭ 0.00039) that was not detectible during S2 ( p ϭ 0.211), resulting in a significant difference in the LEIs computed for S1 and S2 (S1, 0.130 Ϯ 0.03; S2, 0.038 Ϯ 0.03; p ϭ 0.016, Wilcoxon test). On the other hand, responses to S1 and S2 of the less numerous suppressive cells were nearly identical (S1, 0.044 Ϯ 0.04; S2, 0.049 Ϯ 0.05; p ϭ 0.38). The data in Figure 4B showing LEIs for both excitatory and suppressive neurons (N ϭ 102) highlight the overall contralateral dominance during S1 and its weakening during S2 (contra, 0.112 Ϯ 0.03; ipsi, 0.040 Ϯ 0.03; p ϭ 0.034).
These results suggest that individual LPFC neurons have access to both ipsilateral and contralateral information, forming relatively robust representation of visual motion from the two hemifields. The finding that many LPFC neurons enhance their ipsilateral responses during the more demanding component of the trial suggests the existence of a selective intracortical compensatory mechanism. The relative paucity of response enhancement for the contralateral stimuli represented by direct bottom-up inputs from MT supports this possibility.
Similar direction selectivity for contralateral and ipsilateral motion
We also examined whether the contralateral dominance of LPFC neurons during S1 reflected in higher firing rate and shorter latencies is also present in their selectivity for motion direction, the stimulus feature used by the monkeys to perform the task. For this analysis, we examined neurons with significant responses by comparing the incidence, time course, and strength of DS activity for contralateral and ipsilateral motion. We used ROC analysis to identify DS activity of 102 neurons with reliable contralateral and ipsilateral responses (see Materials and Methods). We found a comparable number of neurons with reliable DS responses for stimuli in each of the two hemifields (contra, 41%, 42 of 102; ipsi, 42%, 43 of 102). This activity was equally common among excitatory and suppressive cells (excitatory, 41%, 33 of 81; suppressive, 43%, 9 of 21), which were combined in the following analyses. Ipsilateral and contralateral responses for preferred and antipreferred directions (with baseline subtracted) are shown in Figure 5A , B. Preferred direction was identified by computing the vector sum (see Materials and Methods). Although the responses were noticeably lower for the ipsilateral stimuli, their maximal selectivity for motion direction approximated that recorded with contralateral stimuli.
The strength of maximal DS quantified with ROC analysis (Fig. 5C,D) , was nearly identical for contralateral and ipsilateral stimuli (contra AROC, N ϭ 42; 0.742 Ϯ 0.01; ipsi AROC, N ϭ 43, 0.740 Ϯ 0.01; Wilcoxon test, p ϭ 0.88). The strength of DS for stimuli in both hemispheres was also similar in individual monkeys (all p Ͼ 0.1; Wilcoxon tests). The similarity in the strength of DS for responses to ipsilateral and contralateral stimuli can be seen on a cell-by-cell basis in the scatterplot shown in Figure 5E . It shows that the strength of DS for stimuli in the two hemifields is highly correlated (Pearson correlation, r ϭ 0.443, p ϭ 3.2 ϫ 10 Ϫ6 ): neurons with strong contralateral DS are likely to also show strong ipsilateral DS. Similarly, we found no systematic differences in the time course of these DS responses. The onset latencies of DS were broadly distributed (Fig. 5F ), and average latencies of contralateral and ipsilateral DS were not significantly different (contra: 237 Ϯ 15 ms; ipsi: 267 Ϯ 21 ms; p ϭ 0.44, Wilcoxon test). Thus, DS responses to contralateral and ipsilateral stimuli were remarkably similar in incidence, strength, and latency.
The robust nature of DS signals reaching LPFC from the opposite hemisphere is also supported by the similarity of the tuning width for stimuli in the two hemifields. This similarity is apparent in the response of the example cell to the 8 directions of contralateral and ipsilateral motion (Fig. 6A,B) . We evaluated the direction tuning by fitting a Gaussian function to the responses to ipsilateral and contralateral motion recorded during S1 (N ϭ 102). The quality of the fits was evaluated by examining the R 2 values for each neuron (for details, see Materials and Methods). This analysis identified 42 neurons (41%) with reliable direction tuning recorded with contralateral stimuli and 38 neurons (37%) for ipsilateral stimuli (mean R 2 : contra, 0.75 Ϯ 0.02; ipsi, 0.75 Ϯ 0.02; p ϭ 0.98; Wilcoxon test). The average tuning curves, plotted in Figure 6C , show the similarity of DS tuning for stimuli presented in the opposite hemifields. The bandwidths computed from individual tuning functions for each stimulus location were also similar ( Fig. 6D ; contra, 153.6 Ϯ 6.2°; ipsi, 149.9 Ϯ 8.4°; p ϭ 0.75, Wilcoxon test).
Thus, the similarity in the strength and the bandwidth of the ipsilateral and contralateral DS suggests remarkable similarity of motion signals originating in the opposite hemispheres. We examined whether this similarity also extends to the preferences for specific motion directions displayed by individual neurons. We asked whether these preferences persist for motion appearing in opposite hemifields. Preservation of direction preferences would be consistent with nonrandom innervation of the LPFC by sensory neurons in the two hemispheres. To address this question, we examined well-tuned neurons with clearly defined preferred directions for stimuli in both hemifields (fit with a Gaussian, R 2 Ͼ 0.5 in both conditions; N ϭ 21 neurons) and found that the majority of neurons (14 of 21 ϭ 67%) . The baseline activity (in a 300 ms window before the onset of S1) was subtracted for each neuron, and the absolute value of the resulting firing rate was taken for suppressive neurons. C, Average direction selectivity of the neurons from A, B, quantified with ROC analysis (see Methods and Materials). D, Distributions of maximal direction selectivity computed for ipsilateral and contralateral responses. The data for excitatory and suppressive responses were combined. There was no significant difference in selectivity for stimuli in the two locations ( p ϭ 0.88, Wilcoxon test). E, Cell-by-cell comparison of direction selectivity for ipsilateral and contralateral stimuli. Each data point represents neurons with significant direction selectivity in both conditions (Ⅺ), in only one condition (‚), or with no significant effect (E). The correlation in the strength of DS for the two hemifields was highly significant (Pearson correlation, r ϭ 0.443, p ϭ 3.2 ϫ 10 Ϫ6 ). F, Distribution of latencies of DS for contralateral and ipsilateral stimuli. Latencies were not significantly different (contra: 237 Ϯ 15 ms; ipsi: 267 Ϯ 21 ms; p ϭ 0.44, Wilcoxon test).
showed small shifts (Ͻ45°) in the preferred direction between the two hemifields and 33% (N ϭ 7) showed a larger change in the preferred direction (Fig. 6E) . Consequently, preferred directions for contralateral and ipsilateral stimuli were correlated across the population (circular correlation coefficient ϭ 0.57, p ϭ 0.011) (Jammalamadaka and SenGupta, 2001) . These relatively modest shifts in preferred directions suggest that LPFC may receive input from motion processing neurons in the two hemispheres, in an aligned, nonrandom manner, facilitating the integration of motion information across the visual field.
Similar CEs for contralateral and ipsilateral stimuli
Our earlier work revealed that during motion comparison tasks performed with foveal viewing, LPFC responses to the comparison S2 were modulated by the preceding direction of S1 (Hussar and Pasternak, 2012, 2013) . This modulation was in the form of enhanced responses either on trials with the same directions in S1 and S2 (S Ͼ D) or on trials with different directions in S1 and S2 (D Ͼ S). These two types of modulation, termed CEs, were represented by distinct groups of LPFC neurons and were also commonly observed in area MT (Lui and Pasternak, 2011) , linking both regions to the circuitry underlying sensory comparisons. Here, to explore the nature of the potential interactions between LPFC and MT, we compared these effects for stimuli presented in the contralateral hemifield, and thus, relying on direct motion signals, to the effects measured with ipsilateral motion, conveyed to the LPFC indirectly. For this analysis, we examined neurons with reliable responses to S2, combining and z-scoring firing rates for trials with all 8 directions (for details, see Materials and Methods). The analysis identified 152 cells with responses during and after S2, and we compared their activity during this trial period on S-trials and D-trials (Fig. 1A) . For this analysis, the activity of excitatory and suppressive neurons was combined. We used ROC analysis to identify and categorize neurons with reliable differences in responses to the two types of trials (see Materials and Methods) and found similar proportions of neurons with significant CEs for contralateral and ipsilateral stimuli (contra, N ϭ 89 of 152; 58.6%; ipsi, N ϭ 90 of 152, 59%). For both stimulus locations, a larger proportion of cells showed preference for D-trials (contra: 60% D Ͼ S vs 40% S Ͼ D, p ϭ 0.011; ipsi: 60% D Ͼ S vs 40% S Ͼ D, p ϭ 0.007; 2 tests). Average normalized contralateral and ipsilateral responses to S2 during the S-and D-trials are shown for the two populations of cells: one preferring "different" direction trials (D Ͼ S; Fig. 7 A, B) and the other preferring "same" direction trials (S Ͼ D; Fig.  7 D, E) . The data show striking similarity between contralateral and ipsilateral responses during the two types of trials. The more numerous D Ͼ S group of cells showed robust and consistent difference in favor of "different" trials, which extended throughout the post-S2 period. The pattern of results was nearly identical for the CEs recorded with ipsilateral stimuli. This difference, quantified with the ROC analysis (Fig. 7C) , illustrates the striking similarity between the D Ͼ S CEs for stimuli presented in the opposite hemifields, and their similar strength ( Fig. 7G ; average CE for contra, 0.706 Ϯ 0.01, N ϭ 53 vs 0.696 Ϯ 0.01, N ϭ 54 for ipsi; p ϭ 0.18, Wilcoxon test). The CEs for the less numerous S Ͼ D cells were somewhat weaker but again nearly identical for the two hemifields (Fig. 7 F, G; average CE for contra, 0.667 Ϯ 0.01, N ϭ 36 vs 0.668 Ϯ 0.01, N ϭ 36 for ipsi; p ϭ 0.67, Wilcoxon test). This similarity in the strength of CEs for the two hemifields also extended to similar latencies, with a slight but nonsignificant trend for longer latencies for ipsilateral stimuli ( Fig. 7H ; contra, 372 Ϯ 25 ms; ipsi, 437 Ϯ 28 ms; p ϭ 0.088; Wilcoxon test). We identified a subset of 58 neurons with reliable comparison signals for stimuli in both hemifields, a majority of which consistently showed the same type of CE (D Ͼ S or S Ͼ D) in both conditions (39 of 58 neurons, 67%). The strength of the CE of these consistent neurons was highly correlated across the contralateral and ipsilateral conditions ( Fig. 7I ; Pearson correlation, r ϭ 0.85, p Ͻ 10 Ϫ6 ). These results demonstrate that CEs in the LPFC are similar for stimuli originating in either hemifield, further supporting the smooth incorporation of signals arriving from the opposite hemispheres into the activity of individual LPFC neurons.
CEs depend on S1 and S2 appearing at the same location Reliable representation of contralateral and ipsilateral motion information in the LPFC neurons raises the question whether the comparison process recorded during S2 uses this information and/or depends on its connectivity with the motion processing neurons where it originates. We addressed this question by spatially separating S1 and S2. We reasoned that, given the robust information about contralateral and ipsilateral motion available in the LPFC, this type of manipulation would be unlikely to disrupt the comparison process, unless this process required that the two comparison stimuli stimulate the same localized receptive field, such as that characteristic of MT neurons.
To address this question, we used two versions of the task. In one, performed in two of the animals (Monkeys M908 and M201), S1 appeared in the ipsilateral and S2 in the contralateral hemifield ( Fig. 8A; remote-ipsi) . In the other version of the task, performed in one of the animals (Monkey M201), S1 and S2 appeared at the same contralateral hemifield but were vertically separated by 5°( Fig. 8B ; remote-contra). Both conditions with separated S1 and S2 resulted in a strong reduction of the CE (Fig.  8C,D) . This is reflected in the much lower incidence of CEs for separated S1 and S2 stimuli (same locations, N ϭ 89 of 152, 59%; different locations, N ϭ 21 of 73, 29%; p ϭ 2.9 ϫ 10 Ϫ5 , 2 test). Moreover, the great reduction in the strength of the CEs was observed across all responsive neurons in the remote-ipsi condition (AROC, 0.592 Ϯ 0.01, N ϭ 52 vs same locations, AROC, 0.649 Ϯ 0.01, N ϭ 152; p Ͻ 10 Ϫ6 , Wilcoxon test), an effect that was significant in both tested monkeys individually (Monkey M908: p ϭ 0.03; M201: p ϭ 0.0007, Wilcoxon tests). CEs in the remote-contra condition were also reduced (AROC, 0.584 Ϯ 0.01, N ϭ 21; p ϭ 1.8 ϫ 10 Ϫ5 , Wilcoxon test; Fig. 8D ), and we found no difference in the strength of CEs between remote-ipsi and remote-contra conditions ( p ϭ 0.98, Wilcoxon test), reflecting a similar loss of the CE in both conditions. We were able to identify a subset of neurons (N ϭ 23) with reliable CEs that were examined on trials with S1 and S2 appearing at the same location and also under conditions of spatial separation between S1 and S2. The data, plotted in Figure 8E , show on a cell-by-cell basis the loss of the CE when S1 and S2 appear at separate locations in the visual field ( p ϭ 0.0074, Wilcoxon test). This loss does not appear to depend on the distance between the two stimuli because it is equally pronounced with stimuli appearing in opposite hemifields, separated by at least 10°, as with stimuli separated by 5°w ithin the same hemifield. We should note that spatial separation between S1 and S2 led not only to the loss of CEs but also to a reduction in the accuracy of direction discrimination (Monkey M201: same S1 and S2 locations, 79.6 Ϯ 0.9%; remote S1, 67.0 Ϯ 1.3%; p ϭ 2.8 ϫ 10 Ϫ6 ; Monkey M908: same locations, 86.7 Ϯ 0.9%; remote S1, 74.0 Ϯ 1.8%; p ϭ 1.8 ϫ 10 Ϫ4 , Wilcoxon tests). This parallel decrease in the accuracy of direction comparisons and in the CEs recorded in the LPFC is consistent with previously reported link between the incidence of CEs and the accuracy of direction discrimination, as well as with strong correlation between the sign and strength of CEs and the choice probability signals recorded in the LPFC (Hussar and Pasternak, 2012) .
In summary, we found that the availability of relevant sensory information is not sufficient for the LPFC neurons to carry the comparison signals, arguing for the inclusion of motion processing neurons with localized receptive fields, such as neurons residing in area MT, in the comparison process.
Discussion
We found that LPFC responses to visual motion presented in contralateral and ipsilateral hemifields reflected its connectivity with motion-processing neurons. During S1, the ipsilateral responses were ϳ20% weaker and emerged ϳ40 ms later than contralateral responses. However, during S2, these responses were enhanced, approaching the contralateral levels. The LPFC responses displayed remarkably similar selectivity and preferences for direction for stimuli processed in the opposite hemispheres, as well as similar signals reflecting stimulus comparison, demonstrating the seamless incorporation by the LPFC neurons of both direct and indirect sensory information. However, to generate comparison signals, LPFC neurons required that S1 and S2 appeared at the same spatial location.
Contralateral responses dominate but only early in the trial sequence
Although a number of previous studies reported contralateral dominance in the LPFC (Funahashi et al., 1989; Sakagami and Niki, 1994; Rainer et al., 1998; Everling et al., 2002; Lennert and Martinez-Trujillo, 2013; Kadohisa et al., 2015) , this study provides the first quantitative assessment of ipsilateral and contralateral motion signals in individual LPFC neurons. We found that these neurons carry remarkably similar representation of stimuli appearing in the opposite hemifields. The contralateral dominance was only detectable in increased response strength and shorter latencies, consistent with their direct origins in motion processing areas MT or MST within the same hemisphere (Barbas, 1988; Boussaoud et al., 1990; Schall et al., 1995; Petrides and Pandya, 2006; Ninomiya et al., 2012) . This dominance of LFPC responses based on direct intrahemispheric motion signals was most prominent during S1, whereas ipsilateral responses were enhanced during S2, resulting in a balanced stimulus representation. The observation of the late emergence of ipsilateral signals is consistent with reports of gradual transition from contralateral to ipsilateral dominance in consecutive trial epochs during an oculomotor delay task (Rao et al., 1999) , as well as with the late emergence and strengthening of the ipsilateral signals in the LPFC reported for other behavioral tasks (Lennert and Martinez-Trujillo, 2013; Kadohisa et al., 2015) .
In contrast, selectivity for motion direction was nearly identical in the two hemifields, attesting to the widespread availability of robust task-relevant information across both hemispheres. This similarity suggests similar motion processing mechanisms, most likely residing in MTs of the two hemispheres. Furthermore, these signals maintained remarkable consistency in their directional preferences, suggesting a high degree of coordination and alignment of signals arriving from the motion processing neurons in the two hemispheres. Although this coordination may be occurring in the LPFC, it could also be taking place at an earlier processing stage with converging MT inputs, such as area MST (Desimone and Ungerleider, 1986) . Area 7a with bilateral receptive fields selective for optic flow is another possibility (Motter and Mountcastle, 1981; Heider et al., 2005) . However, the alignment of preferred directions for ipsilateral and contralateral Comparison signals weaken when S1 and S2 appear at different locations. A, B, Diagram of stimulus locations in the tasks with separated S1 and S2. S2 always appeared in the upper quadrant of the contralateral hemifield. In the remote-ipsi condition, S1 appeared in the corresponding location of the ipsilateral hemifield (A); and in the remote-contra condition, S1 appeared in the same hemifield as S2 but was displaced by 5°into the lower quadrant (B). In the standard version of our experiment (Fig. 1A) , both S1 and S2 appeared at the same location. C, Percentage of neurons with significant CE at each time point,forS1andS2atthesamelocation(Nϭ152neurons)andforseparatedS1andS2stimuli(Nϭ73neurons).ThedatarecordedduringthetwoconditionsshowninA,Bwerecombined.Grayshadedarea represents the stimulus interval. Error bars indicate the SEMs obtained using bootstrap. Horizontal lines along the x-axis indicate periods where the incidence of CE is above chance level (p Ͻ 0.05; permutation test). D, Distribution of maximum CE recorded with S1 and S2 at the same contralateral location (top), for remote-ipsi (middle), and remote-contra (bottom). Filled colored columns represent neurons with significant CE (permutation test, see Materials and Methods). Gray columns represent neurons with nonsignificant CE. The data illustrate that only very few neurons carried significant CEs when S1 and S2 were spatially separated. E, CEs for neurons that were tested with overlapping and spatially separated S1 and S2 and showed significant CEs. The data illustrate on a cell-by-cellbasis that the residual CEs were greatly weakened when the comparison stimuli were spatially separated (N ϭ 23).
stimuli observed here is inconsistent with the optic flow signals encountered in area 7a and argue against such signals being used during our task involving localized translational motion.
We previously reported that many MT neurons show long latency, relatively weak and often suppressive DS responses to ipsilateral motion outside their classical receptive fields (Zaksas and Pasternak, 2005) . We hypothesize that these responses may originate from the ipsilateral LPFC responses observed here, likely relayed via direct intrahemispheric top-down connections between LPFC and MT (Petrides and Pandya, 2006; Ninomiya et al., 2012) , consistent with the recently reported information flow from the PFC to MT during a motion discrimination task (Siegel et al., 2015) . This organization allows stimulus-specific top-down influences to reach sensory neurons in either hemisphere and points to a source of ipsilateral stimuli affecting direction selectivity of MT observed during feature-based attention (Martinez-Trujillo and Treue, 2004) . The presence of ipsilateral responses to motion in both areas suggests that, during motion discrimination tasks, the flow of information about visual motion between LPFC and MT may be bidirectional.
Comparison signals require stimuli at the same location As in our previous work, we found that responses of many LPFC neurons during S2 were modulated by the preceding direction in S1 (Zaksas and Pasternak, 2006; Lui and Pasternak, 2011; Hussar and Pasternak, 2012, 2013; Wimmer et al., 2016) . These CEs strongly correlated with perceptual decisions and were unrelated to the largely transient stimulus-selective delay activity (Hussar and Pasternak, 2012, 2013) .
Here, we asked whether these effects depend on the origins of motion signals used in their computation. We found that, as long as the two comparison stimuli appeared at the same spatial location, the incidence and the nature of CEs were nearly equivalent for contralateral and ipsilateral stimuli, suggesting remarkably balanced representation of operations relying on processing of signals originating in the two hemispheres.
The fixed mapping between trial type and report in our task (leftward saccade for D-trials and rightwards saccade for S-trials) raises a possibility that balanced representation of ipsilateral and contralateral CEs may be reflecting saccade-related activity rather than the comparison process itself. However, several factors allow us to dissociate CEs from saccade-related signals. First, the saccades reporting the trial type were only allowed 1000 ms after S2, long after the CEs first emerged. Second, similar CEs were observed in previous experiments in which monkeys reported their decision with button presses rather than saccades (Zaksas and Pasternak, 2006; Hussar and Pasternak, 2012, 2013; Wimmer et al., 2016) . Finally, the observed loss of comparison signals on trials with spatially separated S1 and S2 makes it unlikely that CEs were associated with saccade direction.
Given the similarity of CEs for spatially overlapping S1 and S2 appearing in each hemifield, the loss of these effects on trials with separated comparison stimuli is surprising, pointing to a mechanism requiring participation of neurons with localized receptive fields residing outside the LPFC. Alternatively, if the CEs in the LPFC reflect repetition suppression (Miller et al., 1993; Woloszyn and Sheinberg, 2009) Solomon and Kohn, 2014) , these processes would weaken or disappear with spatially nonoverlapping S1 and S2. However, this is unlikely for several reasons. First, because of stimulus-specific adaptation (Kohn and Movshon, 2004) , S2 responses should decrease on "same" but not on "different" trials, inconsistent with our observations (Fig. 7) . Second, although adaptation predicts a decrease in firing rates during S2, responses during contralateral S1 and S2 were similar but increased for ipsilateral S2. Third, our task structure, with a short stimulus followed by a prolonged delay, is unfavorable for strong adaptation effects (Mayo and Sommer, 2008; Wallish and Movshon, 2008) . Finally, CEs in the LPFC started to emerge only toward the end of S2, making sensory adaptation in the LPFC an unlikely underlying mechanism.
A more compelling explanation of the loss of comparison signals for spatially separated S1 and S2 may be that the comparison of the current to the remembered stimulus is not performed exclusively in the LPFC and that it requires participation of neurons with localized receptive fields, such as neurons in area MT, as proposed by Hussar and Pasternak (2012) . Indeed, several lines of evidence support this possibility. First, similar, albeit weaker, CEs were observed in MT (Lui and Pasternak, 2011) . One difference is that in MT, the DϾS effect consists of two subgroups: early and late. The early DϾS signal is suppressive, most likely a reflection of sensory adaptation on S-trials that would be eliminated by spatial separation between S1 and S2. The other two signals, late occurring DϾS and SϾD, are thought to represent top-down influences arriving from the LPFC (Hussar and Pasternak, 2012) . Second, we have previously shown that the precision of direction discrimination was reduced when the comparison stimuli were spatially separated and that at a given eccentricity this reduced precision occurred when the separation exceeded the distance that matched the size of MT receptive fields (Zaksas et al., 2001) , at the eccentricity of 7°, this distance was about 4°, consistent with the loss of CEs with the separation of 5°ob-served here. Finally, there is a documented link between MT and the LPFC during the performance of the direction comparison task (Bisley and Pasternak, 2000; Pasternak et al., 2015) .
We should note that the LPFC has reciprocal connections not only with area MT but also with other motion processing regions, area MST (Petrides and Pandya, 2006) and area 7a (Cavada and Goldman-Rakic, 1989 ). Both areas have receptive fields that are large enough to encompass spatially separated S1 and S2 (Raiguel et al., 1997) to provide LPFC with appropriate sensory signals. Nevertheless, our data suggest that such signals were largely unavailable even with the separation between the two comparison stimuli as small as 5°, pointing to area MT as the most likely contributor to the process.
Utility of contralateral and ipsilateral signals
Our results document balanced representation of contralateral and ipsilateral visual motion in the LPFC. Assuming that this information is used during motion discriminations, one would expect that unilateral prefrontal damage would affect discriminations of both contralateral and ipsilateral stimuli. However, there is strong evidence that such damage only affects discriminations of contralateral stimuli (Rossi et al., 2007; Voytek and Knight, 2010; Gregoriou et al., 2014; Pasternak et al., 2015) . The effects of a unilateral MT/MST lesion were strikingly similar (Bisley and Pasternak, 2000) , pointing to an important role of the interactions between prefrontal cortex and sensory regions representing the contralateral visual field in successful memory-guided discriminations. The present finding that the CEs require for the two stimuli being compared with appear at same retinal location further supports the involvement of neurons with localized receptive fields in the comparison process. In conclusion, our results suggest that, although LPFC seamlessly incorporates many key aspects of the information arriving from sensory neurons residing in opposite hemispheres, it continues relying on the interactions with these neurons at the time of generating signals leading to successful perceptual decisions.
